Plant species of the intermediate life strategy type are characteristic for species-rich grasslands, which are sensitive to changes in the level of disturbance. Germination and early establishment of seedlings is expected to be the most crucial stage, limiting the successful colonization of appropriate sites. Valeriana dioica is a typical plant of calcareous fens, which are dependent on regular suppression of strong competitors by means of moderate land use. It is endangered in many parts of Central Europe, including Lower Austria. We studied the effects of light, temperature and pretreatment (cold stratification) on the germination success of V. dioica seeds and the role of litter produced by different competitors on the early establishment of seedlings. We tested seeds from five populations differing in the level of competition for light and considered also the morphological variability of propagules and maternal plants. We found that V. dioica is able to germinate without light. It showed high germination percentages both under high summer temperatures independent of cold stratification and at low temperatures, but only after the stratification. Litter produced by dicotyledonous forbs was less hampering for the seedlings than that of small sedges or grasses. Valeriana dioica possesses a broad regeneration niche and is able to use gaps for germination and establishment both in spring and in summer. It reproduces successfully in herb-dominated fen meadow vegetation but disappears from reed communities. This study demonstrates the significant plasticity of the regeneration niche for a species with an intermediate life strategy and also stresses the importance of gaps for its reproduction.
Introduction
In semi-natural grassland landscapes of Central Europe, a significant part of species diversity consists of plant species of the intermediate life strategy type (CSRcompetitive-stress tolerant-ruderal sensu Grime 1974) . They contribute to local and regional biodiversity (Cerabolini et al. 2016) and are characteristic for a whole range of plant communities which are of priority for European nature conservation programmes, among others hay meadows (Molinion caeruleae, FFH 6410) and calcareous fens (Caricion davallianae, FFH 7230). In spite of its commonness, the regarded strategy type is often difficult to define based on formal criteria and requires consideration of a broad spectrum of characteristics of plant life history, morphology and phenology (Grime et al. 1988) . CSR plants are weak competitors, dependent on moderate levels of disturbance, such as mowing once a year or moderate grazing, but sensitive to intensification of agricultural land use. A further crucial part of their life strategy is generative reproduction, includi ng dispersal, germination and establishment, which requires the availability of regeneration niches as a combination of specific conditions allowing the replacement of older plant individuals by new ones originating out of generative propagules (Grubb 1977; Tilman 1988; Shipley et al. 1989) .
Before semi-natural grasslands became common in Central Europe as a result of human activities, subordinate species were restricted to a few primary habitats with a significant level of disturbance, available for short time spans. During secondary succession, single populations of these species become extinct and species survival is only secured if new populations occur continuously (e.g. Rosenthal 2010 ). Thus, a significant component of the regeneration niche is the ability to spread beyond the borders of the current plant community and establish new (sub)populations. Later on, regularly occurring moderate disturbances became the paramount factor for long-term existence of weak competitors at the same location. If regular land use in grassland plant communities is abandoned, weak competitors are the first species to disappear (Schrautzer and Jensen 2004) . In consequence, target fen meadow communities turn into species-poor reeds. In typical cases, some subordinate species can still persist for comparatively long periods of time as mature individuals. They even show effective adaptations to changing site conditions, such as shade avoidance, as a reaction to the increasing light competition (Huber and Wiggerman 1997) . Eventually, however, populations of these species become extinct in fallow land because of the absence of generative reproduction (e.g. Schrautzer et al. 2011) . We face the typical case of (micro) site limitation, stressing the importance of specific gaps for germination and establishment of juvenile plants (e.g. Eriksson and Ehrlén 1992 ; review by Münzbergová and Herben 2005) .
Otherwise, increasing stress caused by stronger competition for light can function as triggers improving the capability for long-distance dispersal and colonization of new sites (overcoming the dispersal limitation). This can be the case by increasing the stem height of maternal plants as a shade avoidance reaction but leading at the same time to an increase of the seed release height. Alternatively, adaptations to higher dispersal ability result in differences in the morphology of fruits. This would correspond to the theoretically postulated equilibrium between high-and low-dispersal (persistent) genotypes within a population (Cohen and Levin 1987; McPeek and Holt 1992) and argues for the flexibility of the regeneration strategy of the species. However, besides a few observations on heteromorphic seeds (Imbert and Ronce 2001; Ma et al. 2017) , there are still no reliable tests of this assumption.
We selected Valeriana dioica L. as a typical plant of species-rich fen meadows that follows the intermediate life strategy. It is representative of a large group of the abovementioned subordinate species and can be used as a model object to study their behaviour and reproduction. In contrast to species occurring only in early successional stages (A-and Da-species sensu Jensen and Schrautzer 1999) , V. dioica can, after local extinction at abandoned reed sites, appear again in later successional stages of fen forests, for example in alder carrs (Slezák et al. 2013 ). This presumes adaptations to germination and early establishment under light-limited conditions. We compared five populations of V. dioica growing under different levels of light competition to study the interspecific plasticity of adaptations to dispersal and germination.
Dispersal ability was studied by considering fruit morphology and seed release height. The study of germination behaviour included experiments on the reaction to temperature, light and pre-treatment (cold stratification), which are considered the most important parameters regulating seed dormancy and the regeneration niche in general (see Baskin and Baskin 2014) . We also considered plant litter as a further crucial component of the regeneration niche, affecting the germination of seeds and especially early establishment of seedlings (e.g. Facelli and Pickett 1991; Facelli and Facelli 1993; Bosy and Reader 1995; Špačková et al. 1998; Galvánek and Lepš 2012) . To analyse the effects of litter in the dependence of site conditions, we included besides presence/absence also different kinds of litter occurring at sites with V. dioica populations in the experimental setup.
In particular, we focused on the following questions: (1) Do the populations under study differ in plant performance (plant height, seed mass, seed dispersal ability and seed germination)? (2) How do temperature, light and stratification affect the germination of V. dioica? and (3) Can litter of different vegetation types hamper the germination and early establishment of V. dioica seedlings?
Material and methods

Study species
Our target species Valeriana dioica L. (Valerianaceae), which is commonly called the small marsh valerian, is a perennial, rhizomous hemicryptophyte. It occurs all over Europe (Hegi 2008) in wet and fen meadows, calcareous mires and along riversides. Because of changes in land use (both intensification and abandonment), most populations of V. dioica are on the decrease or already extinct. The species is threatened in Central Europe and is regionally endangered (red list status in Lower Austria -Schratt 1990) .
The plant propagates both vegetatively and by seeds. Its rhizomes are short and daughter rosettes remain connected to the maternal plant. Fruits are one-seeded achenes with a pappus, primarily adapted to wind dispersal. The germination ability of stored seeds (frozen for 11 months at −20°C) is noted as 70%, the average seed weight as 0.52 mg/seed (SID, Royal Botanic Gardens Kew 2018). Under natural conditions, V. dioica is expected to form a transient seed bank (Thompson et al. 1997) .
Study sites
Five V. dioica populations were examined in Lower Austria and Burgenland. The selected populations were of sufficient size to obtain enough seeds necessary for the germination experiments. Furthermore, only sites where conservation authorities allowed the interventions were used. The first population (Pottenbrunn -PO) was situated in a calcareous spring fen area close to the town of Sankt Pölten. The next three populations (Glasgrabenwiese -LG, Schöne Wiese -LS and Waldwiese -LWW) were located in wet meadow patches surrounded by deciduous forest within the 'Vienna Woods' mountains near Lainz. The last population (Neusiedler See -NS) was a calcareous fen close to Lake Neusiedl ( Fig. 1 ; see Table 1 for more details). The most distant populations, PO and NS, were situated about 90 km from each other and 40 and 55 km away, respectively, from the populations in the Vienna Woods. The populations LG, LS and LWW were situated within a radius of about 1 km, isolated from each other by forested areas. The climate of the study sites is warm temperate. The site NS is situated in the Pannonian climate region and is therefore dryer and warmer than the others (see Table 1 ). The vegetation density and level of light competition for V. dioica at the study sites was characterized by measuring the relative light availability at different heights (0, 15, 30, 45 and 60 cm above the soil surface; RL0 -RL 60) with the help of a SunScan Device (Delta-T). We considered the average relative light availability as the percentage of full light at 15 cm above the soil surface (RL15; mean of at least fifteen measures per site) a proper value characterizing the light climate. On each site we also recorded the average height of generative ramets of V. dioica (seed release height) as the main parameter of maternal plants affecting the dispersal ability.
The V. dioica population of PO was situated within two adjacent vegetation types: a wet meadow dominated by dicotyledonous herbs, namely Cirsium oleraceum (L.) Scop., Filipendula ulmaria (L.) Maxim. and Sanguisorba officinalis L., and a small sedge community with Carex flacca Schreb., C. panicea L., C. davalliana Sm. and Sesleria uliginosa Opiz. The population density of V. dioica (8-10 flowering plants per m 2 ) and light availability (RelL15-value between 40 and 60%, with average of 51%; see Table 1 ) were similar between the two plant communities and allowed us to consider the whole site as one population of V. dioica. Differences between the wet meadow and the small sedge community were considered later in the litter experiment (see below).
The populations of V. dioica in the area of Lainz grew under different conditions, including sites with strong (in the partly abandoned eutrophic wet meadow of LG) and weak light competition (in the regularly mown small sedge reed of LS). However, the litter cover at LG was comparatively low (not more than 10%) versus 30-40% at the LS and LWW sites. At LS, the entire vegetation was not taller than 15-20 cm, with the exception of a few Phragmites culms. The site LWW could be seen as intermediate between the other two sites. LWW is characterized as a species-rich hay meadow with RelL15-values between 20 and 60%, caused by high heterogeneity, but mean light availability of about 45% for the most V. dioica plants.
The population at NS was surrounded by tall but less dense vegetation of a calcareous reed stand, including some plants of Cladium mariscus (L.) Pohl. This site was mown regularly and reed species never reached any significant dominance. The litter layer was comparatively strongly developed and contained mainly Cyperaceae species.
Ripe seeds of V. dioica were manually collected from the maternal plants in June 2017 and stored dry at room temperature until the beginning of the germination tests in September 2017. From each population, ten replications of 100 seeds were weighed for the determination of mean seed weight. Seed morphology was studied by measuring the length, width and length of plume hairs for 150 seeds from each population by means of an e y e p i e c e m i c r o m e t e r i n a S t e m i D V 4 -Stereomicroscope (Zeiss). We assumed the flight ability of achenes to be dependent on the relationship between the seed (embryo) size and size of the flight organ (pappus). This value, calculated as length × width / pappus diameter, was used for the comparisons below.
Germination tests
Test for favoured germination conditions
In this experiment, seeds of a single population (NS) were used. We applied a full factorial designed test with two variants of each of three factors: (i) pre-treatment (cold stratification)yes/no, (ii) two different temperature/day length regimes, 'spring' and 'summer', and (iii) two light regimes, full light and darkness (Fig. 2) . For each of the eight possible combinations of the three factors, ten replicates (25 seeds per Petri-dish of 90 mm diameter with filter paper Type 601A) were used. For the pre-treatment (cold stratification), Petridishes were, after watering, placed in the cooling chamber at 3°C for six weeks whereas Petri-dishes for the opposite treatment (no stratification) were stored dry at room temperature. In the next step, the Petri-dishes were transferred to a versatile environmental test chamber (Panasonic MLR-352) with programmable temperature and light conditions. 'Spring' conditions consisted of a 15/5°C and 12/12-h light/dark rhythm and 'summer' conditions consisted of a 25/15°C and 15/9-h light/ dark rhythm. The full darkness treatment was applied by wrapping the Petri-dishes in several layers of aluminium foil so that only daily temperature fluctuations affected the seeds whereas the full light treatment remained open to the illuminants in the test chamber. The examination of the germinating seeds in the 'darkness' treatment was performed in a dark chamber using a narrow spectrum green LED light (with a wavelength of about 550 nm) to avoid the triggering of germination by the light impulse during counting.
During the incubation time of 21 days, germinating seeds were counted and removed daily. The viability of remaining seeds was tested by a tetrazolium test (1% 2,3,5-triphenyl-tetrazoliumchlorid solution -TTC; Cottrell 1947) . Viable embryos turn red or pink after TTC treatment because of their metabolic activity.
Test for differences in germination between populations
In this test the germination of seeds from all five populations under study was tested under the optimum germination conditions according to the results of the previous test (germination after cold stratification, open for light and temperature regime 'summer', with a 25/15°C and 15/9-h day/night rhythm). An investigation under varying conditions was not possible because of the restricted number of seeds available from the smaller populations. Twelve replicates (Petri-dishes) with 25 seeds each were used for the five populations. The incubation period was again 21 days, and the remaining seeds were finally tested with the TTC solution for viability (see Test 1). To compare the velocity of germination between populations, we calculated a modified Timson's index (Baskin and Baskin 2014) . Timson's index was calculated as follows: ΣG/t, where G is the cumulative daily germination percentage and t = 21 is the germination test duration.
Test for germination under the litter layer
In this test, germination and establishment of seedlings under a litter layer were studied. We harvested plant material from three sites within the area of Pottenbrunn (PO) in late summer 2017. The first site was a wet meadow composed mainly of dicotyledonous forbs, the second was a small sedge community and the third was a Phragmites australis (Cav.) Trin. ex Steud reed. Valeriana dioica plants were observed within the wet meadow and small sedge community, but not within the reed stand. The harvested material was dried to constant weight, cut in pieces (5-10 cm long) and regarded as litter for the experimental setup. Twenty-five seeds of V. dioica per replicate were fixed on a thin square cellulose filter and placed on the soil surface in plastic garden pots 10 × 10 cm in size, which were filled with TKS 2 garden soil (Torfkultursubstrat; high nutrition level; ©Floragard). We used 65 pots (13 replicates for each of the five V. dioica populations; PO, LG, LS, LWW, NS) per treatment, arranged randomly into a connected surface, where a litter layer was spread. Four litter treatments were applied: open control (no litter), herb litter (300 g dry weight per m 2 ), small sedge litter (300 g dry weight m 2 ) and reed litter (600 g dry weight per m 2 ). Litter quantities were chosen in accordance with the amount of plant litter observed at the study sites in PO (thus, for the reed treatment the litter layer was twice as thick, as for the wet meadow and small sedge community treatments). All pots were positioned for four weeks, from December 2017 to January 2018, in a so-called grid house (open fence barn) located in the botanical garden of the University of Natural Resources Vienna. During this time period the temperature in the grid house fluctuated between 14.8 and −4.8°C, and there were several rain and snow events, so near-natural conditions of temperature and moisture for seed stratification and litter decomposition prevailed. Afterwards, the entire experimental setup was transferred to a glasshouse (temperature 15/25°C) for six more weeks and watered regularly. At the end of the test, the litter layer was removed and all surviving seedlings were counted.
Data analyses
For the study of seed morphology we used nonparametric Kruskal-Wallis tests analysing differences between the populations studied. We calculated the bivariate correlation (Pearson's correlation) between different seed morphology parameters (seed size, seed weight and pappus diameter). To study the effects of environmental conditions (stratification, light and temperature; test for favoured germination conditions), we applied generalized linear models (GLM) with Gaussian distribution. The three main factors (stratification, temperature regime and light) were treated as fixed factors in the models. We also applied linear mixed models (LMM) with Gaussian distribution for calculating the effects of litter and seed origin (germination tests for different populations and under litter layer, population and litter are treated as fixed factors). Differences between sites were analysed applying pairwise post-hoc tests (parametric: Tukey HSD; non-parametric: Kruskal-Wallis multiple comparison of P-values in cases where the ANOVA assumptions were not satisfied). We performed the statistical analyses using R software for 
Results
Seed release height, seed morphology
Seed release height varied significantly between the plants of five populations studied (Fig. 3A) . The smallest stems were found at LS, corresponding to the comparatively low vegetation height and density whereas the highest stems of V. dioica could be found at the site LG (most dense vegetation, lowest light availability at 15 cm; Table 1 ). Mean seed weight differed between 0.5 mg/seed for plants from PO and NS to 0.7 mg for plants from LG (Fig. 3B ). Seed weight was clearly positively correlated with seed size (Pearson's r = 0.4814), but there was nearly no correlation between the weight of achenes and the size of the pappus (r = 0.0285), and even less correlation between seed size (length × width) and pappus size (r = −0.0013). We found only slight (not significant) differences in flight ability between populations. Only the seeds from LG differed significantly from those from other populations (Fig. 3C) .
Favoured germination conditions
The three regarded factors had different effects on the germination percentage of V. dioica seeds. The effect of light availability was low. The seeds were able to germinate also without light. In some temperature and pretreatment regimes, the germination percentage of seeds kept in the dark was even greater than of seeds kept in the light (differences not significant). Both the pretreatment (cold stratification) and higher temperature with long day periods increased the germination percentage significantly, although the effect of the pre-treatment was less important (P < 0.01) than that of temperature (P < 0.001). We noticed a highly significant (P < 0.001) interaction between the factors 'temperature regime' and 'pretreatment'. Generally, under high temperatures and a long daylight period of incubation, significantly more seeds germinated in comparison with low temperatures. However, under treatments with cold stratification, the germination percentage at low temperatures was nearly the same as under high temperatures (Fig. 4) . Interactions between light and pre-treatment were not significant, and between light and temperature they were only slightly significant with P < 0.05. The TTC test showed that the percentage of still viable but not germinated seeds in all treatments was comparatively low and nearly equal. Thus, GLM models, calculated using the entire number of viable seeds (germinated + TTC-positive), demonstrated the same level of significant differences between treatments as the presented results based on numbers of only germinated seeds (results not presented).
Differences in germination between populations
The germination success under conditions which were favourable according to the results of the previous test was different for seeds of the populations studied. Seeds from LG showed the highest germination percentage (about 70%) whereas seeds from LWW and PO exhibited the lowest one (about 37%). Differences in the germination percentage between the populations from LG and LS on the one hand and populations from PO and LWW on the other were significant. The population from NS showed an intermediate value of germination percentage, albeit without statistical significance ( Table 2 ). The dynamic of germination was similar for all populations, with the most seeds germinated between the 4th and the 10th day of incubation (Fig. 5) . Regarding germination velocity, the abovementioned differences between populations were also significant. Timson's index for the population NS was significantly greater than for PO and LWW but significantly lower than for LG and LS (Table 2) .
Germination under the litter layer
We found significant differences in seedling establishment with a dependence on litter and the maternal population (Table 3 , Fig. 6 ). The response of different populations to the litter layer was similar. There was no significant interaction between the two factors. Seeds from the site LWW showed a low germination percentage, such as in the previous test, whereas those from LG (with the tallest maternal plants and heaviest seeds) were characterized by a comparatively high germination percentage. The overall germination success was significantly dependent on the litter layer: The highest germination percentage was observed in pots without litter (it was significantly higher than in all other litter treatments), and the lowest germination percentage could be found under a reed litter layer of 600 g/m 2 (Table 3 , Fig. 6 ). The germination percentage under herb litter was significantly higher than under reed litter, and also higher than under small sedge litter of the same thickness of 300 g/m 2 . However, this difference was not significant for most of the populations. The difference between reed and small sedge litter was also not significant.
Discussion
Seed morphology, maternal effects
All five populations studied were vigorous and contained dozens to hundreds of flowering stems. The critical value of shading for plants in non-forest communities (i.e. the light saturation point) is expected to be about 30% of the full light (Kotowski and Van Diggelen 2004) . In our study, at 15-cm vegetation height, values below this point were measured at only one site (LG). This population differed from the other sites with regard to both the tallness of maternal plants and seed traits. We assume that the subordinate status of V. dioica against strong competitors was mainly considered by observations to stem morphology (leaf rosettes as main assimilation organs not taller than 10-15 cm) and occurrence in grassland communities of different successional stages (Schrautzer and Jensen 2004) . Lower light availability, caused by shading by reed species and tall-growing herbs at abandoned fen sites, is the main trigger for the disappearance of the subordinate species from an ecosystem (e.g. Schrautzer and Jensen 2004; Rosenthal 2010) . At the observed sites, however, V. dioica plants could invest in longitudinal stem growth and were successful in shade avoidance. As LG is considered a comparatively highly productive system with a good nutrient supply, this behaviour of subordinate species is not unexpected (Rasran et al. 2007 ). The status of V. dioica as a subordinate species with an intermediate life strategy can only be completely described under consideration of its generative reproduction. According our observations, seeds produced at LG were heavier than at sites with less light competition. This can be seen not only as a consequence of better resource availability during fruit development (Winn 1991; Eriksson 1999) , but also as an adaptation to germination under impeded conditions such as a thick litter layer and shading (e.g. Eriksson 1995) . Species with heavier seeds are more likely to establish at a site in spite of litter (Jensen and Gutekunst 2003) , as they possess more resources to build a taller seedling able to overcome the litter layer. This ability is normally considered a species-specific trait (e.g. Egawa and Tsuyuzaki 2013), but it can be discussed in the context of intraspecific plasticity. The relocation of resources from stem growth (shade avoidance) to greater seed Fig. 4 Comparison of germination percentages of V. dioica seeds from the population NS (Lake Neusiedl) regarding the factors temperature ('spring' with a 15/5°C and 12/ 12-h day/night rhythm and 'summer' with a 25/15°C and 15/ 9-h day/night rhythm), light (light vs darkness) and cold stratification (yes/no). Means and 95% confidence intervals (whiskers) are shown. Germination requirements of the subordinate fen meadow species Valeriana dioica L mass (better ability to germinate though the litter layer) would explain the high germination percentage of seeds from the LS site. The population at LS had the lowest light competition pressure, so it did not have to invest much into linear growth and more resources could be used for seed production.
Wind dispersal potential is usually derived from the release height and fall velocity of diaspores (Tackenberg et al. 2003) . Usually, these traits are given for a plant species (as mean of 10-100 values of single diaspores) and are not subject to intraspecific variability. For this reason, we used morphological parameters of fruits to evaluate differences in flight ability between populations. The relation between seed size and pappus diameter (comparatively larger seeds with a small pappus) was lower at the LG site and thus less convenient for long-distance wind dispersal than at the other sites. At the same time, this population was characterized by taller stems. The assumption that maternal individuals exposed to stronger competition for light increase the proportion of lightweight seeds suitable for dispersal beyond the borders of the current ecosystem could not be confirmed.
Effects of light and temperature on germination
In general, we found that for the germination of V. dioica seeds light is not an essential prerequisite. This species can be categorized as 'dark germinating', in contrast to the majority of wetland species, which demand at least a short light impulse (Grime 1981; Baskin et al. 1989; Jensen 2004; Kettenring et al. 2006) . The ability to germinate without light is often considered characteristic for strong competitors or plants with comparatively heavy seeds (Thompson et al. 1993; Milberg et al. 2000) . Such species are less dependent on additional disturbance as a factor providing gaps for germination. It could be, however, a disadvantage for the species, regarding its ability to persist as seeds in the soil (Jankowska-Blaszczuk and Daws 2007) . In seed bank studies in areas where V. dioica occurred, this species was detected solely in the actual vegetation and not as seeds in the soil (e.g. Waesch 2006). Thompson et al. (1997) also regard the seed bank type of V. dioica as transient. Thus, this species is highly dependent on the availability of suitable germination conditions immediately after seed release. However, in our experiments, a portion of still-viable seeds did not germinate, so later LG -Glasgrabenwiese, NS -Lake Neusiedl) over time. Means of twelve replicates (Petri-dishes with 25 seeds each) per population and 95% confidence intervals (whiskers) are shown. Temperature and light conditions: 25/15°C and 15/9 h day/night; pre-treatment: cold stratification. germination (out of the seed bank) cannot be fully excluded. A germination rate of more than 30% (up to 70% for some populations) is clearly higher than in the majority of fen grassland species (Patzelt et al. 2001 ).
In cases of abandonment of wet meadows, V. dioica is known to skip the unfavourable phase (clonal, dominated by reed) and to appear again in later successional stages such as alder and willow carrs (compare Jensen and Schrautzer 1999) . To reach these sites, V. dioica has either to spread from other locations (via long-distance dispersal), or to survive as a seed in soil for a comparatively long time, waiting for appropriate growing conditions. The latter seems to be doubtable, as V. dioica builds only a transient seed bank (see above). Thus, V. dioica can be dispersal-limited in the long run and microsite-limited regarding generative reproduction in the current population, especially in the course of ongoing succession.
We expected to find the lowest light competition conditions, and best chances for the establishment of juvenile plants of V. dioica twice a year, in early spring before the canopy of meadow plants is developed and in summer directly after mowing. Already established vegetative rosettes of V. dioica follow the same strategy of seasonal avoidance of light competition against dominant reed species (compare Anten and Hirose 1999). According to the performed tests, V. dioica is able to germinate throughout the year: in summer shortly after the seeds are ripe and in spring after cold stratification, which is a common strategy for many plants in temperate wetlands (Brändel and Jensen 2005; Baskin and Baskin 2014) . Various plants of European fens follow one or both germination strategies ('warm germination' induced by high temperatures and less temperaturedependent germination after cold stratification; Fernndez-Pascual et al. 2013 , Fernández-Pascual 2016 . The short storage between seed collection and the start of germination tests was also in accordance with natural conditions after seed release (e.g. if seeds remain in the vegetation or the litter layer and it takes some time for them to reach the soil). Secondary or deep dormancy (sensu Baskin and Baskin 2014) is probably not induced in V. dioica, in contrast to some wetland sedges (Schütz and Rave 1999) , which also fits to the observations that V. dioica forms only a transient seed bank. Entirely, the assignment to a single form of stratification is comparatively improbable and both high and low temperatures can be suitable for germination.
Effects of litter
As light impulses were not essential for the germination of V. dioica seeds, the effect of litter is expected to be mainly of mechanical nature. Litter can not only hamper the growth of seedlings, but it also plays a role in capturing large, plumed achenes, which fail to reach the soil layer (see e.g. Spackova et al. 1998; Donath and Eckstein 2010) . In comparison to the response of several other herbaceous species on the litter layer (Jensen and Gutekunst 2003) , V. dioica appears to show a reaction, typical for plants of late successional stages, even though it has medium-sized seeds. The differences to the treatment without litter are significant, but there is still a comparatively high number of seedlings appearing in spite of the litter layer. Not only the quantity, but also the quality of litter appears to play an important role in the germination of V. dioica. The origin of litter influences the differences in litter decomposition more than environmental conditions (temperature, precipitation). Dicotyledonous herbs generally show much higher decomposition rates than monocots (Cornwell et al. 2008 ). Litter of Phragmites and Carex species tends to decompose more slowly than that of herbs (Longhi et al. 2008 ). Litter of dicotyledonous herbs is, by contrast, less likely to reduce the germination of subordinated plants and mainly affects the size of seedlings rather than their numbers (Olson and Wallander 2002) . Adaptations to germination in shaded sites with a thick, but easily decomposable, litter layer would also fit with the occurrence of V. dioica in alder carrs. Alder and willow carrs could even be the primary habitats of V. dioica and several other fen meadow species.
Conclusions
The regeneration niche of V. dioica can be described as follows: The species is able to germinate both in summer (directly after seed release) and in early spring (after cold stratification). Recolonization via anemochorous diaspores with a high dispersal capacity seems to be the main strategy of V. dioica, instead of 'dispersal in time', although increasing light competition did not lead to the development of fruits, which are more suitable for flying (with a greater flight ability) and thus for longdistance dispersal. Populations with heavier seeds, however, showed significantly higher germination percentages and greater ability to overcome the litter layer. Reestablishment in sedge-and reed-dominated communities (e.g. after the abandonment of fen meadows) is strongly hampered by litter. Abandonment of regular management (including removal of mown material) would lead to the ageing of the population and finally local extinction. Otherwise, persistence or reestablishment in communities dominated by dicotyledonous herbs (including alder carrs) is possible even though light conditions for the maternal plants may not be better there.
